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ELECTRON TRANSFER ON AN ION BUDCET
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AMTRACT

Files of poly-lt'n(»y)z(vpy)zl(cw‘)2 sendviched between tvo metallic

electrodes can support electron hopping, concentrstion gradieat-driven

electron conduction in acetomitrile vepor amd in dry .2 pas, vhen the

potential difference /\E betveen the electrodes is made such as to geaerate g

mixture of Os({III), Os(I1), and Os(l) etatee. The latter requirement is

dictated by the fized pool (ion budget) of clo" counterions in the fils. 1t

io significant thet clo" ions cen move relatively freely in the dry fils,

that the sppareac Oo(II1/I1) snd Os(I1/1) formsl potestisls sere different for

the vaper and dry .2 environments, sad thet currests through dry polyser

films are lerger than in vapor-exposed films,

|

i
t

|

RCO | o)
i |'U“
'8 <

! ML

o -] EY&Ygﬁﬁw
Fro T et - [}

, D - o™

[~] K. PRIl - ]

Q mgo g a S0

- < 3w~ o w2

[2] - O & i ot |8

" - hl-c

e L ge o' @ o,
<|kE £a 5 p

This leboratory recently kuriudl steady state electroes conduc
through sub-micron filme of electroactive polymeric transition mete
complexes sandwiched between two electrodes. Complexes like
[oa(b")z(v»y)ﬂ(clo‘)2 were elccumlyuriudz" oato polished Pt
overlaid with a porous film of evaporated Au, which was contacted b
electrolyte solution containing veference snd suxillary electrodes.
paper, we show that voltasmograme wvith large limiting curreats can
obtained for eimilarly punndl Pl/roly-(bn(by)z(ny)zl(cloh)z/n

sandviches in the absence of an electrolyte solution, dethed omiy i

scetonitrile vapor, or dry .1 ses.

The essential features of the puvioul sandwich voltemmetry i
electrolyte solution are summsriged in Pigs. 1A and 1B. Pig. 1A is
voltssmogrem vhere only By is controlled (vs. $8CE), and shows wav
0s(II1/11), 0s(11/1), and 0s(1/0) (formal) couples. 1Ia Fig. 1B, wh
l" and g, ore coatrolled (v, $SCT), By 8t OVasdx, being veri
steady stete current-potential weve appears vhesn I" pesses each re¢
file electroactivity. 1In the weve at positive l", for inetamce, ¢
limitiag current “!ll/ll) mssns that all of the polymer next to th
electrode is Os(1I1) and sll that mext to the Au electrode is Os(1l
linear conceatrstion gradieats of Os(II1) snd Os(11) states in the
of the film eo in Pig. 1D inset. This i“uu limiting cerreat ie
by the rate of electrom hopping betweea Os(I11) and Os(I1) sites it
and is proportiemal to the electron diffesion ceetficiemt 'c(llllt]
08(I11/11) cowple and inversely preportionsl to film thickeess d.

Pig. IC ohows » Ptlp\y-llh(hn)3(v"),l(cl°‘)zlh candwich w

tve slectrode cell bathed in acetomitrile vopor (sat'd, 23°C). W




flows wntil the potentisl /\E applied between the Pt a0d Av electrodes
excesds ca. 1.99. Then, o reproducible, steady otate voltemmogrem sppears
with an l’ ® 2.0200.01V (for 7 electrodes) which equals the differemce
between the formal poteatisls +0.7) end ~1.32¥ of the Oe(111/31) end Os(11/1)
cowples appesring in Figs. 1A end 1B,

We ascride the electrical behavior im Fig. IC to the production of
08(111) and Os(l) sites ot Pt and Au electrodes, respectively. Without o
bathing electrolyte solution, charge cosservation requires that for each
0e(11) eite omidized to Os(Il1) at the Pt electrode, sacther must be reduced
to 0s(1) (relessing s C10,” counterios) at the Au electrode. This cou be
called an ios budget, to emphasis the coupling of the redox chemistry of the
film to ite fized but evidently quite msbile pool of electroinactive €10,”
cownterions.

The limiting currenmt ‘lll/l in Pig. I1C can be related to that of the
0s(I11/11) vave “xu/n’ in Pig. 18 with simple electron diffusion sad

charge vetion ot te ‘tn’

b/t = 1 B Peanyin m
1 the electren diffusion coetficionts Pctr1/11) e D, /1) for the

00 (111/11) snd 08(11/1) couwples in Fig. I1C are ssoumed to be the some oo

these in scetonitrile liquid-tethed polymer in Pig. 15, this equstion

predicts that iul“lu"“ . 2.68, which is fairly clese to the ratio

observed in Pig. 1C snd smslogews experisents, 2.100.4 (avg. of 7

sleactrodew). Bq. | seens thus to give o good first order sccount of the
veper-bothed cuperiment. The came theery predicts thet concentretion

prefiles of 00(I11), Ou(11), and Ou(1) sites in the file vhew the i,,,,, is

—_————

flowing are 89 in Fig. )C isset. The diagram contains the eclements th

0s(111) and Oe(1) sites react quentitatively in the isterior of the fi

fors 0s(11) eites, wvhose position of meziawm ration ie det

joistly by the ion budget snd the relative values of D.“"“” end 0
end occurs ot 10,3y 1yl & 0 uyymy ) ¢ Bpryyayt*

As discussed previously for redox comductivity, Eq. | rests om el
conduction driven by coucentration gradiests of Os redox sites ond mot
trans-film potential gradiemts. The electron comdectiom in Pig. IC im
respect differs from that discussed previously for dry eixed velemt (i
Also, we believe i’"“ ond the electron diftusion coetficients in oq.
principally reflect electrom rather tham iomic mobilities in the polym
[ ‘uux is additionally different from curreats i polymer electroly
with ion-blocking electrodes. The Pig. IC expariment dess tind smaleg
thin leyer electrodes coutsining solutions of radex species os describh
Beré and covorhers!?,

Voltammetry of the seme Rlply-lo-(i"),(vn),l(clo‘)zlh sendwi
ory l: goe shows (Pig. 1D) & recogninable wave even though solvent hes

boen hlihnnly"

added. The “&ry" woltemmegram does shov signitice
ditferences from Pig, 1C. Pirst, there is hysteresis between cerrests
recorded when /\R is increasing vs, decreasing; this effect is less
pronownced for slowly scammed /\R. Apparestly, clo; counterions ave
aobile in the absence of scetonitrile vaper, snd on the tise scale of
ocan do not move rapidly emough first tewerd and then gway frem the O
side of the film (wpom its emidation end reduction, respectively) te o

true stesdy state currents aad concestratiom profiles of Os sites. At

bpayy Platess, the C10,” mobility eheuld again becoms less significan




relation to the electron diffusion rate, Secondly, l’ for both increasing
and decressing /\E scans, 2.47+0.1V and 2.1440.05V (avg. for 8 electrodes),
respectively, are both larger than thst (2.02V) for the vapor-bathed filw of
Fig. 1C. This suggests thet one or both of the "dry" 0s(111/11) and
0s(111/1) formal potentials differs significantly from those of the vapor-
solvated couples. Thirdly, limiting currents illl/l in dry |l2 (Fig. 1D) are
2.540.6 (avg of 7 electrodes) times larger than those in scetonitrile vapor
(Pig. 1C). According to Eq. 1, this might occur either through an increase
in D'("“) or & decrease in "e(ux/u)‘ All three effects have interesting
connotations but further experiments must elucidate their origin(s).

Low temperature voltsmmetry of a Pt/poly-lOl(»y)z(wy)zl(Clo‘)zlAu
sandvich electrode in scetonitrile vapor (Fig. 1E) is similar to room
temperature results (Fig. 1C) except for s slight hysteresis indicating
lowered CIO‘- mobility and a depressed i["” limiting current showing that
electron hopping is en activated process in the vapor-bathed film,

The osignificance of the experiments in Pige. IC-E is that voltammetry
that csn be understood (st least to a first order) with a simple electron
diffusion model, is observable in the absence of an electrolyte solution.
This opens a variety of possibilities for probing hov electron transfer
events depand om their environment. An obvious requirement of the experiment
is thet electrosctive materisl be s good ionic conductor. However two redox
couples are ot strictly required since one can, for instance, start with an
08(111/11) wined valent fils’,
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Pigure 1, Voltsmmetry of Pt/poly-IO-(bpy)z(vpy)z](Clo‘)zlAu sandwich
electrode in various wedia; sdl.mluz. Tos = 2,95 x 10"-;1/;’ (ca. 400
om fils). All voltswmogress st 25°C obtained with the ssme electrode with o
scan vate of 50mV/s except as noted. The electrode was thoroughly rinsed
with cu;cu after electropolymerisstion, dried, and subjected to 10-7 torr
vacuum and moderate heating during Au evaporation, It was stored in a
dessicator and then, in the order of the experiments, exposed to lz gas
(Curve D), CH;G vapor (Curve C), and electrolyte solution (Curves A and B),
vs E

Curve A) ip, vs By in 0.1n zx,‘nclo‘/ullal; Curve B) i with z‘"-ov

re L3
WCLO, /G O, Curve C) i we /\E between P eud Au

vs SSCE in O.1NM lt‘

electrodes in dry Iz saturated with acetonitrile vapor; Curve D) i ve Ql in

dry Iz go%; scan rgte=2mv/e; Curve E) i vs I\ in dry l2 saturated with
QI,GI vapor st -%°% using a different sandwich electrode.







